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A technique for quant itating bacteria in iso lated pilosebaceous folli cles is d esc ribed. This 
involves mi crodi ssection of t he follicl es from biopsies of skin. us ing the method of chemi ca l 
pretreatment of skin to faci li tate the sepa rati on of the epiderm is and ep iderm a l append ages 
from the dermis. The ae rob ic cocc i and a nae robi c diphtheroids in pilosebaceous fo lli cles in 66 
biops ies of sca lp and 48 biops ies of skin of the upper back were quantitated us ing thi s 
technique. 
On the back, ae robi c sta phylococc i were very spa r e in normal follicles . indicating t hat 
t heir primary ha bitat on t he skin must be on the skin surface rat her than within fo llicles. Of 
138 isolated follicl es from skin of t he upper back, 94 contai ned no aerobic cocc i. 
Anae robic organ isms were present in high numbers within norm a l follicles. T he geo metri c 
mea n density of anaerobes in 138 iso lated folli cles from skin of the upper back was 3.8 x 10' 
diphtheroids pel' follicle. Eighty-eight folli cles conta ined more t han 10' anaerobic diph -
theroids . 
Using data from sca lp biops ies we found t hat t here was a corre lation between the weight of 
sebaceous gla nds a nd the density of a naerobes within the follicles attached to these gla nds 
(coefficient of correlation = 0.6). 
One limitation in analyz ing and quantita ting the 
bacteria in hum a n skin has been the lack of a 
technique for studying the contents of iso lated 
pilose baceous follicles. On t he bas is of prev ious 
histo logic studies it has been ass umed t hat a naero-
bic dipht heroids proliferate predominantly in the 
deepe r parts of the follicles a nd that the aerobi c 
organisms reside in the upper level s of the follicles 
[2] . With one exception, no actua l quantitative 
cul tures of normal folli cu lar contents have been 
described in t he li terature. The exception was t he 
study by Whiteside and Voss l3J in which the 
bacterial content of t he wormy extrus ions pro-
du ced by pressure extraction of the large folli cles in 
t he s kin of t he nose was ana lyzed. Whether the 
contents of t hese large follicle s are representative 
of s maller follicles in other areas of skin is ques-
t ionable. Most studies that have attempted to 
quantitate skin bacteria in norma l a nd di seased 
condi tions have used the buffer scrub method [4 J 
or a modification of it. Such studies have assumed 
that some proportionality exists between the follic-
ular and the surface flora and thus the latter can be 
used as represen tative for the form er. The va lidi ty 
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of th is assu m ption has never been tested. In fact. 
when t he buffer scrub method was proposed as the 
most su itab le method for samp ling surface flora, it 
was a lso stated t hat th is method "does not sa mple 
t he organ isms which may be d eep within the 
follicles ... " l4J. 
Re cently, Holl a nd a nd Roberts [5 J described a 
me t hod involving cyanoacry late ge l impressions for 
"sa mpling microorga ni sms from the pilo-seba-
ceous ducts ." A drop of cyanoacrylate gel was put 
on t he skin surface within the confines or a teflon 
ring. A circular d isc of 12 mm diameter, which 
fitted into the ring, was then pressed on the ge l for 
20 sec , a fter whi ch the ge l with the adheri ng 
epide rm a l ce ll s a nd folli cular con ten ts was re-
moved , homogeni zed . and quan t itatively cultured. 
This method is not entire ly suitable for sa mpling 
the contents of isola ted sebaceous folli cles . For one 
thing, it wou ld be diffi cult to determine what 
proportion of the fo llicular content was actually 
removed , since t he follicular plug could easily 
brea k in the process of being extracted . Also. t he 
su rface flora attached to t he gel is inclu.ded in t he 
sample, thus tota l fl ora rather than only follicu lar 
flora is cu ltured. 
In 1966, Ke llum l6 J described a procedure for 
isolating sebaceous glands by microdissection from 
ski n after pretreating skin biops ies in 1 M CaCI. 
solu tion for 2 hr. Chemica l separation of the 
epidermis from the dermis is dependent on the 
swe lling effect on collagen by the calcium a nd 
chloride ions. This allows the epidermis with t he 
attached appendages to be gently peeled from t he 
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de rmi s. U nd er t he di ssectin g m icroscope t he va ri -
ous par ts of t he p ilosebaceous apparatus ca n be 
di ssected a nd a na lyzed sepa rate ly . 
In t hi s pa per we presen t a method for q u a n t itat-
in g bacteri a l con ten ts of isolated pilose baceo us 
fo lli cles fro m norm a l skin u s in g Kellum 's method 
of che mi ca l pretreatm en t of skin as a tool fo r 
iso lat in g t he folli cles . T hi s p roced ure has been 
used to q u a n t itat ive ly a n a lyze t he bacteri a l fl ora 
wi t hin ve ll us ha ir fo llicles and sebaceous fo lli cles of 
sk in from t he u pper back of norm a l vo lun tee rs, a nd 
wit hin h a ir fo lli cles from t he sca lp of patien ts 
un dergoin g ha ir t rans pla n t operat ions. T he bacte-
r ia l fl ora of t he skin surface in a reas a dj ace n t to t h e 
biops ied s ites has a lso been qu a n t itative ly a n a-
lyzed , as has t he re lat ionship between t he we ight of 
t h e sebaceous gla nds a nd t he de ns ity of t he a nae ro-
b ic orga ni sm s wi t hin t he fo lli cles attac hed to t hese 
gla nds. 
T he q uestions ou r study was designed to resolve 
were: (1) Wha t numbers of bacteria a re presen t in 
t he pilose baceous fo lli cles of n orm a l huma n skin ? 
(2) Is t h ere a corre lat ion between t he surface fl ora 
sampled by t he buffe r scrub method . a n d t he 
deepe r fo lli cul a r fl ora? (3) Is t he re a re lationship 
between t he s ize of t he se baceous g lan ds a nd th e 
d ens ity of t he bacte ri a l fl ora wi t hin t he piloseba-
ceous fo llicles attac hed to t hese gla nds? 
M ATERIALS AND M ETHODS 
A nalysis of the effect of I M CaCl, so'lu tion on 
cutaneous bacteria. Evidence that 1 M CaCl, solu tion 
does not inhibit the survi va l of cutaneous bacteria is 
essentia l for the va lidi ty of resul ts whi ch are deperldent 
on the use of 1 M CaCI,. To establish t hi s, random isolates 
of Propioniba cterium aenes, P. granulosum , and S taphy-
lococcus epidermidis were grown on brain heart infusion 
(BHI) agar supplemented wi th 1% dextrose. The orga-
nisms were ha rvested , washed in 0.85% NaC I solution, 
and resuspended in 5 ml of saline. Half a ml of each 
suspension was aliquoted in to two test tubes. To one of 
t hese. 7 ml of 1 M CaCl, solut ion was added, to the other 7 
ml of 0.85% NaC I solut ion. T he suspensions were mi xed 
and maintained in the refrigerator at 4°C for 4 hr. 
Tenfold d ilu t ions in saline solution were made from each 
of t he suspensions and were plated on BHI agar plus 1 % 
dextrose fo r colony counts using the calibrated drop plate 
method 17]. Cultures were in cubated fo r 48 hr fo r the 
aerobes and 72 hr for the anaerobes . 
Biopsies. Sixty-s ix 3.5-mm punch biopsies were ob-
tained under local lidocaine anesthesia from the bald 
fronta l areas of t he sca lp of 11 patien ts undergoing hair 
t ransplant operations. All patient.s were males. ranging in 
age from 22 to 54 years, wi th the average age of 38.6 years. 
Forty-e ight' 3-mm punch biopsies were obtai ned from 
skin of the upper back of 27 healt hy volunteers. E leven 
were ma le, and 16 were female. The ages ranged from 19 
to 35 years, with average age of 24.9 years. None of the 
subjects sampled had been on antibiotic t reatment 
during the previous 3-month peri od. 
Biopsies were immedia tely rinsed in cold sterile saline, 
placed in to individuall -ml beakers conta ining sterile 1 M 
CaCl, solu tion, and main ta ined in 1 M CaCl, solu tion at 
4°C for 2 hI'. After this, each biopsy was immediate ly 
dissected . Dumont number 3 and 5 microforceps, and a 
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Circon nu mber 185 ul t ra mi croknife (1.5- mm edge) wit h 
a 3-cm 30° shaft and a stra ight handle were used for 
rlissection. Sterile slides , solu tions, and dissecting instru -
ments were used throughout. 
Iso lat ion of the follicles. The epidermal disc with 
attached pilose baceous folli cles was pee led from the 
dermis and placed in to a 50-Ill drop of water on a glass 
slide. A single follicle was cut off, the attached sebaceous 
glands were severed from the fo llicula r duct and removed 
to a preweighed slip (1 cm ') of wax paper. The isolated 
duct was t ransferred to a microtissue grinder conta ining 
1 ml of 0.1% T ri ton X- l OO in phosphate buffer. The epi -
dermal disc with the remaining follicles attached was 
transferred to a fresh 50-Ill drop of water and the next 
follicle dissected in a manner similar to that just de-
scribed. 
T hus, each folli cle was cut off in a fresh d rop of water. 
Five microli te rs of the water remaining on the slide were 
re moved wi th an automati c mi crop ipette for dilu tion a nd 
quant itative cul ture to determine t he percentage of 
organisms released in to t he d issecting solu t ion during 
sectioning of the fo lli cles. T he epiderm al disc remaining 
after the folli cles had been removed was processed in a 
manner identica l to the indi vidual follicles. 
Processing of follicles . Depending on the experimen t, 
either of following procedures was followed : (1) All of t he 
fo lli cles from a sin gle biopsy were pooled together in to 
one homogeni zat ion tube and processed together. T he 
sebaceous glands attached to these follicles were pooled 
together on a l -cm' slip of tared weighing pa per, d ried 
overnight in desiccator jars. and weighed on a Ca hn 
balance Model G-2 the following day . (2) Isolated folli cles 
were pl aced into individua l homogenization t ubes a n d 
were processed separate ly. In both procedures, t he num -
ber of follicles in each biopsy was recorded. 
Folli cles were homogenized for 1 min in E lvehjem 
microtissue grinders (l -ml capac ity) or in Tenbroeck 
mi crotissue grinders (2- ml capacity) usi ng 1 ml of 0.1 % 
Triton X- l OO in 0.75 M phosphate buffer as t he homoge_ 
nizing solu tion. 
S urface flora . At the sa me time as the biopsies were 
obta ined, t he surface fl ora from an a rea of skin immedi_ 
ate ly adjacent to the biopsied site was sa mpled using t h e 
buffer scru b technique 14 j . Two consecutive I-ml washes 
of 0.1% Triton X- IOO phosphate buffer were made by 
pipetting the bulTer solution into glass cylinders (3.8 cm' 
a rea ) and rubbin g t he area wit hin t he cylinders wit h 
rubber policemen for 1 min. 
Bacteria l cultures. Each sample to be cul t ured was 
dilu ted 5 times in 10-fold dilutions wi th BHI broth. Five 
to 6 drops of each dilu tion were spotted on dupli cate 
plates of BHI agar supplemented wi t h 1% dextrose us ing 
calibrated micropipettes according to t he method of Reed 
and Reed 17J. 
One set of plates was incubated aerobi cally at 37°C fo t 
48 hr , the other set anaerobi ca lly a t 37°C under 90% CO 
and 10% ni trogen, for 5 days. Resul t ing colonies wer~ 
classified accordin g to colonia l morphology and Gram 
sta in as aerobic cocci or anaerobic diph theroids wit hou t 
furt her classifi cation of the cocci in to subgroups accord_ 
ing to the Baird-Parker scheme or in to species of pro_ 
pionibacteria as P. aenes or P. granulosum . Species othet 
than aerobic cocci and anaerobic diphtheroids were not 
comm only isolated . In in stances where they occurred, the 
coun ts were noted , but they were not used fo r analysis of 
t he results. 
Results were calculated as the num ber of organisms 
per cm', the number of organisms per biopsy, or the 
number of organisms per folli cle. 
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TABLE I. Effect of 1 M calcium chloride treatm en t of cutaneous bacteria compared to treatment with physiologic saline 
Stra in Bacteria l counts of duplica te Bacteri a l coun ts of dupl icate samples after CaCI, t reatment sa mples after NaCI t reatment 
f ~ 5.0 X 10· 3.4 X 10' 
S. epiderrnidis l: 2.6 X 10' 2.0 X 10' 1.2 X 10' 
j j 5.0 X 10' 6.6 X 10' 
P . acnes 2.4 X 10' 
( 142 3.2 X 10' 
154 5.2 X 10' 
f D21 4.2 X 10' 
D22 1. 2 X 10' 
P . granulosurn ( D34 3.5 X 10· 
C54 1.7 X 10' 
V6l 8.0 X 10' 
F I G . 1. Epidermal disc from sca lp skin with hair 
fo lli cles attached. 
RESU LTS 
E ffect of 1 M CaCl 2 on cutaneous bacteria. 
Trea t m ent of suspensions of randomly se lected 
c u tan eo Lls bacte ri a wi th 1 M CaC I. solu t ion had t he 
same effect on t he surviva l of t he organi sms as 
t r eatm ent wit h physiologic sa line. Resul ts of co l-
on y coun ts for t he 15 stra ins tested are shown in 
Tab le 1. Diffe rences in coun ts between 1 M CaC I2 -
t reated a nd sa line-treated orga ni sms were not 
signi fica nt (according to t he F test). Thus. pre-
treatm ent of biopsies in 1 M CaC l2 solu t ion to 
faci li tate mi crodi ssection of pilosebaceous ducts 
sh ou ld not affect t he coun t of t he in t ra folli cula r 
flor a. 
I so lation. of the foll icles. Ca lcium chloride is an 
effect ive agent in fac ili tating the sepa ration of 
epi d ermis a nd epiderm al a ppendages from the 
derrni s . Wi th ca re t he ent ire epiderm al sheet wi th 
t h e a ttached ha ir fo lli cles and sebaceous apparatus 
can be pee led in tact from the dermis (Fig. 1). 
F ifty- microli ter drops of ste ril e wate r were used 
4.0 X 10' 3.2 X 10' 2.4 X 10' 
5.0 X 10' 4.8 X 10' 4 .6 X 10' 
3.2 X 10' 4.2 X 10' 2.8 X 10' 
3.2 X 10' 2.7 X 10· 2.8 X 10· 
1.2 X 10' 2.2 X 10· 1.3 X 10· 
5.4 10' 4.2 X 10' 5 .6 10' 
6.6 X 10' 6.0 X 10' 8.0 X 10' 
3.2 X 10' 2.8 X 10' 3.0 X 10' 
2.0 X 10' 3.4 X 10' 2.6 X 10' 
4.6 X 10' 4.8 X to ' 5.0 X 10' 
2.5 X 10' 7.3 X 103 1.1 X 10' 
1.7 X 10· 4.8 X 106 4.6 X 10· 
3.4 X 10· 4.3 10· 5.4 10· 
1.8 X 10' 1.8 X 10 ' 1.6 X 10' 
1.1 X 10· 6.0 X 10' 6 .6 X 10' 
for immersion of t he ep iderma l d iscs and at tac hed 
folli cles during t he di ssection proced ures. As de -
scribed under Materia. ls and M eth.ods, after one 
follicle was severed , t he di sc wi t h t he rema inin g 
follicles was transferred to a fresh drop. Fi ve-
mi croli ter sa mples of t he water rema ining on t he 
slides were cul t ured to estimate t he percen tage of 
orga ni sms lost from each folli cle during dissec tion . 
It was found that there was no correlation between 
the number of organi sms in t he di ssect ing fluid and 
t he number of organi sms cultured from the corre-
sponding fo lli cles. There was, however, good corre-
lation between the number of organi sms cu lt ured 
from the ep iderm al di sc, and t he organi sms cul -
tured from the di ssecting fluid. On t he average. 
10% of t he organi sms on t he epiderm a l d isc were 
lost in to t he dissecting fluid . 
Sca lp. The geometri c and a ri t hmetic mean den-
sit ies of t he ae robic and anae robic bacte rial fl ora 
wi t hin t he p ilosebaceous folli cles of t he sca lp a re 
shown in Tab le II . For each subject t he fi gu res 
represen t averages of results ob ta ined fro m 6 
indi vidua l biopsies, each of whi ch conta ined. on 
t he" ave rage, 19 sebaceous follicles (with a range of 
15 to 23 follicles per biopsy). The fo llicles from 
each biopsy were pooled and processed together. 
Aerobic. T he aerob ic in t rafolli cul ar fl ora of t he 
sca lp of' 11 subjects tes ted had a geomet ric mea n 
(GM ) density of' 9.2 X 10 ' cocc i per 3.5 mm biopsy. 
This va lue was less t han t he GM density of t he 
surface fl ora which \Va 5.7 X 10 2 cocci per 0.1 cm'. 
Surface fl ora was expressed pe r 0.1 cm ' because 
t hi s is t he a rea of t he ep iderm a l d isc of a 3.5-mm 
biopsy of skin . Th ere was no signifi can t correla t ion 
between the aerobic intraColli cul a r a nd t he ae rob ic 
surface fl ora of the sca lp (coe ffi cien t of correlation 
was 0.42) . 
A naerobic. T he GM density of the anae robic 
in t rafo lli cular fl ora of t he sca lp was 5.3 A 10' 
organi sms per 3.5-m m biopsy and the GM density 
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TABLE II. Comparison of the densities of the 8urfa cea flora and the intrafollicu lar" flora of the scalp in 11 subj ects 
Aerobic coun t Anaerobic count 
Subject Surface Intrafol\icular Surface Intrafoll icular (/0. 1 cm') GM AM (/0.1 em') GM AM 
2.1 X 10' 2.8 X 10' 1.4 X 10 ' 4.2 X 10' contam. conta m. 
2 1.6 X 10' 7.5 X 10' 7.5 X 10' 4.2 x 10' 2.0 x 10' 2. 1 x 10· 
3 7.5 X 10' 7.4 X 10' 1.1 X 10' 1.0 X 10' conta m. contam. 
4 2.1 X 10' 5.7 X 10' 4.8 X 10' 2.3 X 10' 1.6 X 10· 1.7 X 10' 
5 2.1 X 10' 1.8 X 10 ' 1.0 X 10' 8.2 X 10' 1.7 X 10' 1.9 X 10' 
6 2.1 X 10' 8.7 X 10' 4.9 X 10' 3.1 X 10' 1.7 X 10' 6.6 x 10' 
7 7.5 X 10' 3.0 X 10' 3. X 10' 9.2 X 10' 5.5 X 10· 1.0 X 10' 
8 1.4 X 10' 1.5 X 10' 2.3 X 10' 3.3 X 10' 3.7 X 10' 6.1 X 10 ' 
9 1.1 X 10' 2.2 X 10' 2.5 X 10' 2. 1 x 10' 2.3 X 10' 2.4 X 10' 
10 3.1 2.4 X 10 ' 2.6 X 10' 1.0 X 10' 4.6 X 10' 2.1 X 10' 
11 2.1 X 10' 1.1 X 10' 3.3 X 10' 1.5 X 10' 1.5 x 10· 2.3 X 10· 
GM 5.7 x 10' 9.2 X 10' 1.4 X 10' 4.3 x 10' 5.3 X 10' 4.0 X 10· 
AM 5.9 X 10' 8.8 X 10' 
a Surface fl ora was calcu lated per 0.1 cm' since this is t he surface area of the epidermal disc from a 3.5- mm biopsy. 
blntrafollicular nora was calcul ated from the average values of six 3.5-mm biopsies from each subject. In each case 
the follicles from a single biopsy were pooled together. The "intrafollicular" t hus refers to the total in t rafollicu la r 
bacteria in a 3.5-mm biopsy, not the bacteria within a single folli cle . 
Key: GM = geometric mean; AM = ari thm etic mean; contam. = contam inated 
TABLE Ill. Weight of sebaceou8 glands compared to the 
geometric m ean density of the anaerobic flora within the 
corresponding follicl es (in scalp) 
Ave. tota l wt. G M density of 
Su bject of glands· anaerobic 
(il g) intrafol\icul ar fl ora' 
2 411 2.0 X 10' 
4 425 1.6 X 10' 
5 650 1.7 X 10' 
6 393 1.7 x 10' 
7 426 5.5 X 10· 
8 220 3.7 X 10' 
9 355 2.3 X 10' 
10 471 4.6 x 10' 
11 510 1.5 X 10' 
a Average weight of pooled sebaceous glands dissected 
from each of 6 biops ies in each subject . 
b Geometric mean densities of t he anaerobi c fl ora 
within the pilosebaceous ducts harvested from each of 6 
biopsies in each subject. 
of the a naerob ic s urface fl ora was 4.3 x 10' 
a n aerobes per 0.1 cm '. Using t he GM va lues. the 
in t ra folli cul a r a nae rob ic fl ora was 12.8 t imes the' 
surface va lues. Us in g t he ar i thmetic mean va lues. 
t he in t ra folli cu lar anaerobic bacterial densit ies 
were 46 t im es the surface values. 
There was no corre lation between t he d ensity of 
t he in tra folli cul a r fl ora of t he sca lp a nd the d ens ity 
of t he surface fl ora in adjacen t a reas of sca lp 
(coeffi c ient of correlation was - 0.16). 
Se baceous g land weight and follicuLar bacterial 
flora. The re lationship between the weights of t h e 
se baceous gla nds a nd the d ensit ies of t he a nae rob ic 
flora within t he fo lli cles connected to t hese gla nd s 
is shown in Table III . Values obta ined from 6 
biopsies from each subject were averaged. The 
relations hip of gland weigh ts compared to in t rafol_ 
li cul a r mi crob ia l d ensit ies for t he correspondin O' 
fo lli c les in each of 52 biopsies is s hown in Figure 2~ 
The coeffic ient of correlation bet ween these factors 
was 0.6. Thus, there is a trend to heavier mi crob ia l 
infestation of t he la rger pi losebaceous fo llicles, Or 
at least the folli c les supplied by the la rger seba_ 
ceous gla nds . Dry we ight of t he gla nds in t hi s caSe 
was used as t he indi cator of gla nd s ize. 
Back. Compari son of t he densit ies of t he aerobic 
a nd a naerobic fl ora of t he skin surface and in 
follic les of t he upper back are s hown in Table IV 
Resu lts in each subject are ex pressed as tota i 
number of bacteria cul tured from t he individual 
foll ic les iso lated fro m eac h of two biopsies . CO IU_ 
pa red to t he number of surface bacteria cul t ured 
from a n a rea of skin compa ra ble to t he surface a rea 
of t he biopsies, i.e., 0.14 cm · for two 3-m m biop_ 
s ies. In the fir t 9 subjects t he inlrafollicular flora 
was quantitated by poo lin g individua l follic le 
from two biopsies a nd process ing t hese togethe r . In 
the rem a ining 18 s ubj ec ts eac h folli cle was proc_ 
essed individua lly. Altogethe r 48 biopsies with a 
tota l of 138 iso lated folli cles were a na lyzed . The 
GM d ensity of t he aerob ic orga ni sms was 4 co ci 
and of the a nae rob ic orga ni sms 3.8 10' 
propionibacteria per individual follicle . Of the 138 
folli c les cu lt ured. 94 con ta ined no aerob ic orga_ 
ni sms, a nd 88 contained m ore th a n 10' anaerobic 
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FIG. 2. Correlation between weight of sebaceous glands 
and density of t he anaerobic bacte ria within the attached 
follicles (from 52 sca lp biopsies from 9 subjects). 
diphtheroids. Figure 3 is a grap hic illustration of 
t h e r a n ge of a nae rob ic a nd aerob ic bacteri a l densi-
t ies within individua l folli cles. Table V shows t he 
variation of bacterial counts wi t hin different folli-
cles obta ined from two biopsies from t he sa me 
subject. 
In p rocess ing t he biopsies from the back, t he 
discs o f epidermis left after t he fo llicles had been 
removed were homogeni zed and cu ltured . The GM 
densi ties of the bacterial fl ora of t he epiderma l 
discs was 1.0 x 10 ' for t he aerobi c and 9.7 x 103 fo r 
t h e anaerob ic orga nisms per 0.07 cm' (i.e., surface 
area of one 3- mm biopsy). These values a re very 
close to the values obtai ned by the surface scrub 
rnethod on t he back. Using thi s method t he GM 
densities were 1.8 x 10' for the aerobic and 7.0 x 
103 for the anaerobi c organisms per 0.07 cm '. 
Good correlation was found between the d ensity 
of t h e a naerob ic surface flora and t he a naerobic 
intrafollicular fl ora of t he back (coefficien t of 
correlation was 0.69). This suggests that anaerob ic 
bacteria on the skin surface are brought to t he skin 
surface from within the follicles by the constan t 
flow of sebum . There was no correlation between 
the density of the aerobic surface fl ora a nd t he 
intrafollicular aerobic flora. 
DISCUSS ION 
The major disadvantage of the technique we 
have described is that it is dependent on obtaining 
biopsies of skin for sa mpling. Thus, it is not 
practical for routine bacteriologic eva luations of 
skin fl ora. Even in subjects willing to undergo 
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biopsies, one is lim ited to ana lyz ing a minute area 
of skin. However. thi s method is useful for se lective 
studi es. It is t he first method described which 
permits absolu te quantitation of t he bacteria 
wit hin isolated sebaceous fo llicles. 
It was of utmost im portance to esta bl ish t ha tIM 
CaC I. per se has no adverse effect on t he surv iva l of 
t he cuta neous bacteria within their in t rafolli cu la r 
ha bi tat in vitro. Experiments with randoml y 
chosen stra ins of t he spec ies representing the 
typica l cutaneous bacteria invo lved maintenance 
of these organisms in 1 M CaCl2 so lu t ion for 4 hr. 
and demonstrated t hat surviva l was t he same as 
wit h duplicate suspensions in physiologic sal ine. 
During t he pretreatment of sk in biopsies with 1 M 
CaC I., incubation is carried out for 2 hr and there 
is less direct exposure of t he orga ni sms to the CaCI . 
solution. Thus, treatment of biopsies wit h CaC l2 
should not modify t he bacterial counts wit hin t he 
follicles. 
We are not yet convin ced of t he effect of 1 M 
CaC l2 solu t ion on lipophili c yeasts. In in vit ro 
studies on t he effect of 1 M CaC l2 solu t ion on 5 
different stock stra ins of Pityrosporum ouaLe and 
P. orbiculare, the co lony coun ts were s li ght ly 
red uced afte r incubation with CaC I. solu t ion. 
However. t his may have been an ar tifact since 
clumping and agglu t ination of t he organisms oc-
curred in CaC I. suspensions. 
In our ini t ia l studies we attempted to cul ture 
fo lli cul a r homogenate suspensions on Mycosel agar 
supplemented with 1% Tween 80. This is t he 
medium routine ly used for maintenance of ou r 
stock stra ins of Pi tyros porum spec ies. Growth from 
follicular homogenates was inva ri ab ly negative. 
even though we could confirm t he presence of t he 
lipophili c yeasts within t he follicles hi stologica lly . 
This confirms t he experience of other investigators 
who have attempted and failed to obta in quantita-
tive cu ltures of lipophili c yeasts on primary isola-
t ion [8 ]. 
In t he present study of norma l follicles we fo und 
that P. aenes may be quite dense, but t ha t 
staphylococc i a re not found with any regul ari ty 
within isolated follicles. In t he only other study in 
whjch the con tents of norm a l follicles were a na-
lyzed, a lthough t hese were the slightly unusua l 
large follicles from skin on t he nose , very few 
staphylococci were found in t he fo lli cula r contents 
[3]. 
This is in contrast to the bacterial flora of lesions 
in acne vulgaris. Numerous studies over the past 15 
years [9- 12J a re in general agreement t hat a ll types 
of acne lesions (open and closed comedones, pus-
tules, and cysts) contain either a mixed population 
of P. aenes and S. epidermidis, or pure cultures of 
either. The most frequent finding in most lesions is 
a combination of staphylococci and propionibac-
teria, and 100% of comedones a re t hought by some 
to conta in both these species [13 J. Furthermore, 
the aerobi c cocc i in acne lesions a re predominantly 
S. epidermidis Baird-Parker biotype 1, even 
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TABLE IV . Comparison of the surface flora and intrafollicular fl ora in skin of the upper back of 27 normal subjects 
Surface count is expressed as the number of bacteria per 0.14 em' (the ep idermal surface area of two 3-m m 
biopsies). The intrafollicular count was calcu lated by totaling the bacterial counts obtained from all t he individual 
follicles dissected from each of two 3-mm biopsies. 
No. of Aerobic count Anaerobic count Subject , foil icles Surface Intra fol licu lar Surface lntrafolli cular 
1 5 2.9 X 10' 0 1.4 X 10' 5.6 X 10' 
2 8 4.8 0 2.9 X 10' 1.2 X 10' 
3 12 1.4 X 10' 0 1.4 X 10" 8.0 X 10' 
4 7 1.4 X 10' 3.2 :>< 10 ' 7.3 X 10' 1. 2 X lOG 
5 7 1.4 X 10' 0 1.4 X 10' 6.0 X 10' 
6 6 1.4 X 10' 0 1.1 X 10' 4.0 X 10 ' 
7 5 7.2 x 10' 1.3 :>< 10' 5.8 X 10' 6.0 X 10" 
8 7 9.6 1.3 :>< 10' 8.8 X 10' 3.6 X 10' 
9 4 1.4 X 10' 2.0 :>< 10' 8.8 X 10' 1.3 X 10 ' 
10 4 1.4 X 10' 6.6 :>< 10' 1.4 X 10' 4.9 X 10' 
11 5 1.4 X 10' 2.0 :>< 10' 4.6 X 10' 2.7 x 10' 
12 11 9.6 1.9 X 10' 1.0 X 10' 3.6 X 10' 
13 3 9.6 3.3 X 10' 1.6 X 10' 5.9 X 10' 
14 7 4.3 X 10' 2.6 X 10' 1.6 X 10' 8.0 X 10' 
15 5 4.7 8.6 X 10' 4.9 X 10' 5.0 X 10' 
16 8 4.9 X 10' 3.3 X 10' 1.4 X 10' 9.6 X 10' 
17" 2 5.8 X 10' 0 3.9 X 10" 5.0 X 10" 
18a 2 4.9 X 10' 0 1.1 X 10' 9.0 X 10' 
19 5 contam. 1.2 X 10' contam. 1.6 X 10' 
20 3 1.9 X 10' 0 1.5 X 10' 1.7 X 10 7 
21" 2 3.6 X 10' 4 .0 X 10' contam. 0 
22a 5 8.8 X 10' 6.6 X 10' 2.6 X 10' 2.9 X 10' 
23 4 0 0 3.6 X 10' 7.8 X 10' 
24" 2 1.4 X 10' 0 8.8 X 10' 3.0 X 10' 
25 3 1.1 X 10' 1.3 X 10' 1.8 X 10' 2.6 X 10' 
26a 2 1.1 X 10' 0 2.9 X 10' 1. 3 X 10 ' 
27 4 1.9 X 10' 3.9 X 10' 5.2 X 10' 3.4 X 10· 
GM 3.7 X 10' 2.5 X 10' 1.4 X 10' 1.1 X 10 ' 
AM 5.8 X 10' 1.9 X 10' 1.2 X 10 ' 1.9 X 10' 
" Only one biopsy was obtained from these subjects. 
though this particular biotype constitutes only 70% 
of the aerob ic cocca l types normally cultured from 
skin of the face l14 J. Thus it has been suggested 
that t he aerobic cocci in acne lesions are not 
random organisms from the normal ae rob ic flora of 
the follicles, but that some selectivity in the 
involvement of one particular biotype may occur 
l11J . 
Most studies on the bacteriology of acne lesions 
have been performed in patients with facial acne. 
There is a slight possibility t hat lesions of acne in 
the back have a different microbial nora. If this 
were the case , t he present a nalysis of the normal 
intrafollicular nora on the back cou ld not be 
related to changes found in acne. However, if 
lesions of acne on the back contain the same 
bacteria as in facial acne lesions, t hen the resu lts of 
the present study suggest that staphylococci in t he 
acne lesion may be of significance in the pathogen-
esis of this disease, s ince staphylococci are not the 
normal flora in normal follicles. 
In recent years, coagu lase-negative staphylo_ 
cocci have been discounted as co-agents in the 
pathogenesis of acne vulgaris. The most important 
reason for this is probably re lated to the free fatty 
acid t heory of acne pathogenesis . Severa l stud.ies 
have shown that cutaneous staphylococci are not 
important in the lipolysis of sebaceous triglycer_ 
ides to free fatty acids [8,15]. However, the 
question of the importance of the free fatty ac ids in 
the pathogenesis of acne remains unresolved. A 
recent review l16 J summarized the reasons why 
t his theory of acne pathogenesis should be recon-
sidered, and recent studies by Fulton, Weeks, and 
McCarty l17J further question the va lidity of thi s 
hypothesis. 
Even if t he free fatty acid theory were modified 
the importance of staphylococci in t he pathogen ~ 
esis of acne remains unclear for the reason that 20 
to 30% of cocc i isolated from pustular acne lesions 
have been reported to be resistant to tetracycline 
[18]. Yet tetracycline remains the antibiotic of 
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FIG . 3. Range of va lues of aerobic cocci and anaerob ic 
diphtheroids cul t ured from 77 isolated foll icles from skin 
of t h e upper back (of 18 norma l subjects) . 
TABLE V. Variation of bacterial content of individual 
isolat ed fo llicle~ in one subject 
Follicle number Aerobic Anae robic 
0 6.0 X 10' 
2 0 5.4 X 10' 
3 0 3.0 X 10' 
4 0 1.4 X 10' 
5 6.6 X 10' 2.2 A LO' 
6 1.3 X 10 ' 1.0 X 10' 
7 0 4.6 A 10' 
8 0 1.0 X 10' 
9 0 5.0 X 10' 
10 0 2.6 X 10' 
11 0 4.0 X 10' 
c h o i ce in t he treatm ent of pustul a r acne. The 
preponde rance of evidence fav ors a ro le for P. acnes 
in t h e production of infl a mma tory les ions in ac ne . 
and if tet racycl ine has its c lini ca l effect in ac ne 
t hro u g h a n t ibacte ri a l ac tion. then t hi s mus t be 
re lated to d ecreas in g the d ens ity of P, acnes wi t hin 
t h e fo lli cl es . The ex p la na t ion of t he exac t ro le of P. 
aenes in t he pathoge nes is of acne re mains un · 
resolve d. C lea r ly t he prese nce of hi gh numbers of 
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t hi s organi s m in pi losebaceous fo llicl es by itse lf 
d oes not produ ce acne in subjects who lack othe r 
predi sposing factors . It would be 6f in terest to 
determine whether synergistic act ivi ty with S. 
epidermidis is in volved in enhanci n g t he inflam· 
m atory effect of P. aenes in fo llicl es in a cne. 
We thank Drs. Norman Brooks, Ralph Kamell. and 
Steven Stanowi cz, residents in t he Division of Dermatol· 
ogy at UCLA, for obtaining biopsies for t his study. T he 
statistica l ana lyses were perform ed by George Wenzel, 
gradua te student in t he Department of Biostatistics at 
UC LA School of Pub li c Hea lth . 
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